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CHAPTER I
INTRODUC'l'ION
In the rabbit, the region of the continuously growing lower incisor is a
site of rapid tissue growth and adaptation, especially in regard to tooth and
The purpose of this investigation is to study the response following

bone.

an injury to this area.

In addition, the nature of a response to similar in-

juries in an area which is physiologically static <as in dogs) compared to an
area which is physiologically active will be discussed.

.,

The basic principle in the repair of a surgical wound e.g., cellular
proliferation preceding differentiation, is demonstrated in this study.

Al-

though many cell types could be observed differentiating from the reserve cell
only the differentiation of the osteoblast and the histogenesis of immature
bone fomation will be discussed.
The rabbits belong to the Order Lagomorpha and the rats to the Order Ro~entia.

Although the dentition of the two Orders are similar in shape and

function there are many dirferences in their dentition which warrant the classification of two separate Orders in the Animal Kingdom.
~nceB

will be elaborated upon in this study.

1

Some of these differ ..

CHAP'l'E.'R II
REVIEW OF THE

LIT~lU'I'URE

For t.he sake of visab1li ty, muco-perioateal naps are utilized during oral
plastic surgical procedures.

Rapid healing of such surgical flaps, usually

wit.bout post-operative complications, has given this procedure it.s validity
a commonly accepted practice.

8S

However, experimentally it has been shown that

the bone exposed by mucoperiosteal flaps during oral surgical procedures tends
to undergo resorption.

Thus, healing occurs, but not without an anatomic de-

formity.
Gargiulo, Wentz, and Orban (1961) reported on the dimensions and relations
of the normal (dento-ginglval junction) in humans.

The measurements were made

from the microscopic specimens of JO jaw., 287 individual teeth, and their respective dento-gingival comPOnent.s.
lbe areas measured were.

A total

ot 325 surfaces

were measured.

a) dept.h of the gingival sulcus, b) length of attached

epithelium, c) most- apical point of the epithelial attachment from the cementaenamel junction, d} distance from sulcus to the cemento-enamel junction, e)
dist.ance trom the cemento....namel junction to the alveolar baM, f) distance
from the most apical point of the epithelial attachment to the alveolar bone.
The most significant finding was the constancy

at the JUfl&Surements of the dis.

tance trom the fflOst apical point ot epithelial attachment to the alveolar bone
crest.

(Connective tissue attachment of the gingival fibers.)

Martino (19S8), in a study of 10 young adult dogs removed a 6 x 1 mm. of

2

.3
crestal bone in a flap operation.

A medicated pack was placed between the flap

and the tooth and removed after .3 weeks.
sue attachment of 1.2, mm. to 2.So rum.

Results showed a new connective tisA small amount of new bone, 1/.3 of the

original amount that was taken away, was observed at the alveolar crest'.

He

deliberately took avay bone tissue, a component of the dento-ging1val junction.
He got back 1/3 new bone, but the dento-gingival junction, the epithelial
attachment, and the connective tissue attachment, shifted apically to a connective tissue reattachment of 1.25 to 2"0 rom.

Marrino duplicated on the dog,

osseous surgery performed in dentistry and observed microscopically and clinI

ically the'effects
on the dento-gingival junction.
,
,

Martino observed good heal-

ing clinically, but histologically found that an anatomic deformity to the
dento-gingival junction had been produced.,
Wilderman (1959) studied the repair of a denuded alveolar process in dogs
after resection of the JllUco-periosteal nap.

This procedure of Wilderman's

is Similar to the many repositioning surgeries done today in dentistry.

He

observed histologically that the initial response of the alveolar crest was
resorption and that the epithelial attachment reattached at a more apical position than normal.

Wilderman states that his connective tissue reattachment

increase<i in thickness to compensate for the resorbed alveolar crest.

He

observed a tunctional repair of the dento-gingival junction, but also described
an anatomic deformity of the dento-gingival junction.
Staffileno (1961) performed surgery on the dento-gingival junction of dogs
with a minimal amount of injury.

He carefully created a flap which vas designed

to leave intact the periosteum on the bone surface and to ranect only the fi-

brous connective tissue of the lamina propria and the sub-mucosa.

This opera-

•
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tion is called the "split thickness nap".
original position.

He then sutured the

nap

to its

Histologically, he observed in 6 days osteoclasts, which

were the first cells to differentiate from the periosteum, resorbing the vestibular plate and the alveolar crest.

But after 21 days what had been resorbed

from the alveolar bone was replaced by new bone.
anatomic deformity to the alveolar bone.

After 21 days there was no

There was no change of dimensions in

the connective tissue attachment nor was there an apical proliferation of the
epithelial attachment.
Farchione and Pollock (1961) repeated in rabbits and in guinea pigs the
operation Staff1leno had performed on the deftto-p,ingival junction in dogs.

The

rabbit demonstrated no anatomic deformity to the dento-gingival junct.ion a:£'ter
21 days.

An interesting additional finding was the rapid apposition of new

bone to the surface of the labial alveolar bone.

There was no evidence of

osteoclastic resorption of the labial alveolar bone surface prior to new bone
Moreover, the quantity of new bone apposed within six days was

~pposition.

~bout
~as

twice as thick as the original labial bone.

For this reason, the rabbit

selected as a useful animal in which to study osteogenesis and the cyto-

~enesis

of the osteoblast.

~pposi tion

In the same study, the guinea pig also demonstrated

of new bone to the surface of the old bone Without previous osteo-

clastic resorption.

The apposition of new bone in the guinea pig was similar

n type and manner of apposition but differed in time of onset and quantity.
me guinea pig began to appose immature bone as osteophytes five days post~peratiyely

~ch

while in the rabbit the apposition began three days

post-operativel~

findings point to differences in reaction to similar injuries between the

LagOmorphs, Rodentia and in turn to other studies using the anilUls belonging
to the Order Carnivora.
Annerstein (1941) injected aloohol and bone extracts in muscle ot rabbits
and found new bone or oartilage fo rmation.

He suggested that the injected

substances released a mechanism which promoted differentiation of non-specific
cells to osteoblasts.
Sirola (1960) in a study using 8) rabbits, stated that regeneration could

be observed in the defects of the calvaria provided the dura mater had been
preserYed.

The remo....d bone was replaced within a few days by a callus plate

fusing wi th the dura and in thi. plate new bfne began to develop from the 5th

post-operative day on, in the shape ot islands and trabeculae surrounded by
active osteoblast..

The author believes that the rapid division of osteo-

geneUc cell. persiating on the surface of the dura plays the !!'lOst important
role in the formation of the callus plate.
If the dura is removed, regeneration of bone 18 prevented and the brain
surface adheres firmly to the outer connective tissue.

In the

co~;rse

of re ...

generation the dura is of fuadamental importance and 18 of itself capable of
producing bone.

The margins of the defect and t.he pericranium (periosteUll)

also take part in the formation of bone, although to a leaser content.

wander (1949) implanted. bone and bone marrow into t.he flt1.18c1e of rabbits
and showed that the graft d1cd within 2-) days after implantation.

was not formed until 4-6 days atter implantat10n.
proliferat1on from the graft.

Nev bo_

There was no direct cellular

Osteogenesis was explained by assuming the

eXistence of a sub.tance which was liberated froll the bone tissue and bone

6
marrow and passed into the surrounding medium where it activated newly formed
plurepotential mesenchymal cells (reserve cells) to form bone.
Hutchison (1949) observed that autologous bone transplants into the anterior chamber of the rat eye loses some vi tali ty but renves.

This rev! val

appears to be due not only to the activity of the bone cells ot the transplant,
but to the invading hose cells Which become converted into and function as
osteoblasts.
Urist (1958) stated radio-isotooe studies on the microscopical anatomy of
homogenous bone grafts seem to substantiate that both transplanted and host
cells participate in new bone formation.

but~that

the latter are the more

important.
Kabisch and DeBruyn (1955) in their study of bone formation, transplanted
bone, bone marrow, and periosteum intra-muscularly in the rabbit.

They re-

ported that in the earliest specimen (6 days) the host connective tissue
appeared to be directly transforming into bone.

A meshwork of pink staining

material was seen surrounding cells, which are morphologically similar to
.fibroblasts.

More proximal to the bone transplant, osteoblasts seem to arise

from the fibroblast-11ke cell in the surrounding connective tissue.

In the

transplant of bone marrow it seemed that the reticular cells of the bone
marrow transplant are the source of the osteogenetic elements in the bone
formation by these transplants.

The bone formed from the periosteum transplant

may have resulted by osteoblasts directly derived from the cambium layer of the
periosteum •
Bam and Gordon (1952) reported the transplants of cancellous bone chips

r
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into the muscle of dogs formed new bone from living transplanted bone cells
and not by metaplasia, that is the differentiation of undifferentiated host

cells.
Keith (1934) stated that there is no evidence that metaplasia of other
connective tissue cells to become bone forming cells plays any part in the new
bone formation associated with bone grafting.
Urist and McLean (1952) studied the osteogenetic activity of 250 samples
of various musculoskeletal tissues transplanted to the anterior chamber of the
eye in rats.

Their findings seem to indicate that new bone formation, instead

of depending upon either the mechanism of survival and proliferation of the
transplanted cells or upon that of induction of the cells of the host, may
also occur through a combination of the two.
Loe (1959), ,believes bone tissue is always laid down in loose connective
tissue, in which the organic elements required in osteogenesis are qualitatively present.

Minerals are normally aVailable at adequate rates in the

environmental tissue fluid through the blood 8upply.
Weinmann and Sicher (1955) state that in the healing of fracturos and
in the formation of ectopic or neoplastic bone the process of osteogenesis is
identical in principle.

The mother tissue is always loose connective tissue.

Hartley and Tanz (1951) injected various extracts

(50~

alcohol, lipid,

phospholipid, fatty acid) of bone and bone marrow of rabbits and calves into
the rabbit muscle and produced bone and/or cartilage at the site of injection.
He concluded the reaction is probably non-specific and maybe the result of
the irritating quality of the material.

...
8
An interesting investigation was done by Cappelin, M., in 1949 in which he
studied the periosteal ossification in the femurs of 16 day old chick embryos
and of new born chicks and in the phalanges of the human finger.

Determina-

tions were made of the presence and distribution of ribonucleic and thymonucleic
acids in the cytoplasm of osteoblasts.

It was found that traces of the nucleic

acids were present in the £ibrocytes of the outer stratum of the periosteum,
that the quantities increased as the cells differentiated into osteoblasts.
The quantity of nucleic acids decreased as the osteoblasts became osteocytes.
Cobbs (1953) states that in normal bone the occurrence of a highly stainable matrix, with the Hotchkiss method, precedes or is associated with lack or
only a light deposition of calcium salts, while heavily calcified areas possess
a pale or colorless matrix.

The heavy stain may be interpreted as a disaggre-

gation (at times termed IIdepolymerizationlt ) of existing units of the glycoprotein ground substance or the production of new, less completely polymerized
matrix.

p

CHAPTER III
MATERIALS AUD YlETHODS

Eight male New Zealand White Rabbits were used in this investigation.
One of the eight animals was studied as a control.
bred, and ranged trom 8-12 months in age.

The animals were random

They subsisted on Rockland Rabbit

Pellets, lettuce, and tap water, ad libitum.
The surgery was performed under a general anesthetic - )/4 co of 2'.C sodium
nembutal per pound of animal weight was injected intraperitanially.

In the

seven experimental animals, the surgery was performed in the anterior labial
reg~on

of the mandible.

A supraperiosteal incision was made in the sulcus

formed at the line of junction between the free-margtnal gingiva and the oral
epithelium.

The flap which was created by this supra-periosteal incision

measured approximately 1 em. x 1 cm., and included the attached and unattached
gingiva.

The deep tissues thus exposed were left undisturbed and simply su-

tured back to its original position.
The animals were sacrificed at the following periods:
2 days, 3 days, 4 days, 5 days, 6 days.

0 hour, 1 day,

The specimens studied were obtained

after resection of the anterior segment or the mandible which included the
central incisors.

The following indicates the methods of preparation of the

specimens for histologic study.
Fixation - lot neutral formalin (8 days)
Decalcification -

5~

aqueous nitric acid (7 days)
9

p
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Wash - the specimens were washed in running water for 24 hrs.
Dehydration - 75% alcohol (24 bra.)
95~ alcohol (24 hrs.)
100% alcohol (24 hrs.)
Ether alcohol (~ + !) (24 hrs.)
Celloidin - thiu (1 week)
medium (1 week)
thick (1 week)
The specimens were sectioned at 10 microns and stained with hematoxylin
and eOsin, periodic acid Schi.ff reaction, silVer impregnation, and the Mallory
trichrome method.

A Leitz Micrometer was used to make various measurements.

>

CHAPTER IV
THE LOvlER INCISOR OF THE RABBIT

Because of some similarities in the dentition, especially in the shape
and. the functions of the incisors, the Hare-like animals were believed to belong to the large group of the Rodents.

Because of the presence of a single

incisor in the pre-maxilla of the Rodents, and the presence of two incisors in
the pre-maxi.l1a of the Hare-like animals, the Rodents were subdivided into two
sub-orders; the Simpllcidentata and the Duplicidentata or Lagomorpha.

It is

however, recognized today that the Lagomorph. are not in any way related to the
Rodents, but form a separate order.

The similarities in the dentition, there-

fore, do not prove a phylogenetic relation between the two groups, but have to
be interpreted as convergent adaptation.
Despite the similarities of the incisors in the Rodents and Lagomorphs,
there are also important differences in the teeth of these two orders.

The

upper and lower incisors are of a very similar size in the Lagomorphs.

Where-

as in most Rodents the lower incisor reaches with its basal end into the ramus
of the mandible, the lower incisor in the Lagomorphs as a whole is situated in
front of the pre-molars,

The longitudinal grooving of the upper incisors in

the Lagomorphs is also characteristic of this group of animals.
More important, however, from a functional point of view, is the difference
in the attrition pattern of Rodents and Lagomorpha.

This difference seems to

be correlated to differences in the structures of the cranio-mandibular joints,
11
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to differences in the mandibular musculature, and therefore, to a difference in

the pattern of mastication.
The incisal angle of the lower central incisor of the Lagomorphs is more
obtuse than that found in the Rodents, and the attrition facet is shorter in
the Lagomorphs.
level.

The lingual marginal gingiva reaches to the end of the incisor

lbe epithelial attachment on the lingual surface terminates approximate-

ly at the level of the crest of the lingual alveolar bone.
The periodontal ligament can be divided into three layers:

a) alveolar

fibers; these short bundles of fibers are arranged at right angles to the bone
land continue into the alveolar bone as Sharpe?r's fibers.

b) Cemental or dental

fibers; close to the cementWl these fibers are grouped in bundles.

These

bundles arranged at right angles to the cementum seem to fan out before entering the cementum as Sharpey's fibers.

c) Intermediate plexus; this is by far

lIhe widest layer of the periodontal ligament.
irregular network.
fibers.

The fibers are interlaced in an

Into this plexus enter the alveolar as well as the cemental

The tibers of the plexus are thinner than those of the alveolar and

dental layers and show a deeper argyrophilic stain.
The width of the lingual periodontal space i8 about equal in the incisal
and basal areas, but is narrowed in a zone corresponding to a short middle zone
pf the tooth.
~emental
~annot

It is interesting that in the basal one fourth of the tooth only

fibers and the intermediate plexus are present, while alveolar fibers

be found.

In this area, also, the fibers of the intermediate plexus are

~ore

regularly arranged, running mainly parallel to the tooth surface.

~ne

and intermediate plexus run large veins.

Between

Their size diminishes incisally.

p
1)

The lingual alveolar bone is divided into three distinct layers; the alveolar bone proper composed of bundle bone, a middle layer of cancellous bone,
and the lingual alveolar plate composed of compact bone with distinct Haversian
systems.
'l'he crestal portion of the lingual alveolar bone is composed of three types
of osseous tissue; bundle bone on the tooth surface, immature coarse fibrillar
bone extending over the crest and onto the lingual surface of. the crestal portion of the lingual alveolar bone; and laMellated bone found between the immature and bundle bone.

Notable are islets bundle bone found as

~remanants

of the cortical layer

of the lingual alveolar bone.
The labial surface of the lower central incisor is covered by enamel which
extends to the incisal edge.

There is approximately twice as much tooth ex-

posed to the oral cavity on the labial as on the lingual.
attachment on the labial surface tenninatea a

l~vel

The epithelial

comparable to the area of

complete obliteration of the coronal portion of the pulo.
As in the rodents, the lingual concave surface of the tooth is covered by
cementum, the labial convex surface by enamel that in turn is covered by the
odontogenic epithelium in progressive stages of histodifferentiation and subsequent degenerative stages.

In the large upper incisor, enamel covers also

the medial and lateral surfaces of the tooth.

In the lower incisor, enamel as

well as cementum covers the sides of the tooth.
Attachment of the tooth is, therefore, restricted to the cementum covered
areas.

Thus, periodontal structures are sharply divided into a periodontal

ligament on the lingual, and a periodontal membrane on the labial half of the
dental circumference.

The term periodontal ligament is used to denote its

function as an anchoring structure; the term periodontal membrane 113 used,
because the fibers of this structure are roughly parallel to tooth and bone
surfaces and in the plane of the tissue.

The width of the labial periodontal

space is approximately 2/3 of that of the lingual space.
The labial periodontal membrane consists of three layers.

Next to the

enamel epithelium is found a thin capillary layer of fine interlaced argyrophilic fibers that form papillae carrying veins, capillaries, and projecting
into the remnants of the dental epithelium.

Then follows the wider and firmer

fibrous layer, containing rather thick collagenous fiber bundles.

The third

outer layer almost as wide as the fibrous layer can be designated as vascular
layer.

It contains larger veins that in 80me parts almost displace the fine

separating connective tissue.

This layer is continuous with the periodontal

periosteum of the tooth.
The labial alveolar bone is a thin plate characterized by nwnerous perforations of vascular channels.

Veins from the vascular layer of the perio-

dontal membrane communicate through these channels with the extra alveolar
veins.
Osteoclasts in Howship's lacunae can be seen on the periodontal surface
of the labial alveolar bone while osteoblastic activity characterized by an
osteoid seam can be seen on the labial surface of the labial alveolar bone.
The main portion of the labial alveolar bone is mature, however, the crestal
portion is made up of coarse immature fibrillar bone.

The latter shows evi-

1,
dense of active osteogenesis.
The large veins in the labial periodontal membrane and in the lingual
periodontal ligament, especially in its more basal parts, seem to have a protective function.

Pressure in the periodontium during mastication empties

these veins and, therefore, does not injure the cellular elements.
The presence of islands of bundle bone within the lingual alveolar bone,
and the changes of the labial plate (resorption ot the periodontal, apposition
at the periosteal surface) indicate an anteroventral movement of the lower
incisor.

CHAPTER V
FINDINGS

The epithelium and the connective tissue were divided by the incision of
the gingiva to a depth of 1 em.

The collagenous fibers vere splayed out on the

cut surface of the lamina propria.

Hemorrhage occurred within the gap, between

the splayed collagenous fibers of the submucosa and into the lamina propria
which was the deep surface of the flap.
Within

The clotted blood had sealed the wound.

24 hours the sub-epithelial reserve cells had proliferated rapidly to

increase at least three fold.
in the lamina propria.

During this time, cell proliferation had occurred

Simultaneously, there was a depolymerization of the

ground substance and separation of the collagenous fibers into loose delicate
fibrils.
''liithin 48 hours the epithelium at the site of injury had become thinner as
the cells migrated over the connective tissue surfaces of the incision.

A dense

accumulation of polymorphonuclear leucocytes in the blood clot had formed an
abscess.

Small clumps of bacteria were seen within the abscess.

The abscess

was surrounded by rapidly proliferating reserve cells in the lamina propria
and in the outer layers of the periosteum.

The number of cells in the peri-

osteum, also had increased in number at least three fold.
Within 3 days post-operatively the abscess cavity emptied as the fibrinopurulent exudate drained through the margin of the incision.

Fibroblasts which

lined the wall of the abscess apparently differentiated from the reserve cells

16
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previously seen.

Collagen fibrils differentiating between the fibroblasts had

formed a capsule around the emptied abscess ca.rt ty.

iliTi thin

4 days

the abscess

cavity was obliterated by the invasion of proliferating connective tissue and
capillaries.
The cells which proliferated within the periosteum differentiated into
osteoblasts within

4i

hours.

The coarse fibrillar bone that was apposed to

the pre-experimental bone was laid down in incremental layers.

This new bone

could be seen on the labial plate of bone from the crest all the way down to
the most basal extremity.

PAS positive substance was demonstrated by the

Periodic Acid Schiff stain wi thin the cytopleam of the osteoblasts as well as
on the surface of the fibers forming between the cells.

The fibers between the

cells of the periosteum were immature collagenous fibers as demonstrated by the
Silver Stain.
At three days, trabeculae of coarse fibrillar bone projected at right
angles to the old bone surface in an osteophytic pattern.

The intensities of

staining with the P.A.S. is different in different la.yere of the newly formed
bone, the superficial area stained a light pink, while the deeper layers
stained a deep pink.

This suggested a difference in the state of polymeriza-

tion of the ground substance.

The fibers in the superficial layer were argyro-

philiC, the deeper fibers were stained a rose color in silver impregnation.
This is a differentiation between immature collagenous fibers and mature collagenous fibers.
The proliferative aotivity of the cells identified as undifferentiated
reserve cells decreased at four, five, and six days, but the differentiation

18
into osteoblasts continued as did the apposition of bone between the osteophytel.
The width of the labial alveolar bone has increased at least two fold by the
fourth day.

During the same time period, an increase in the osteoclastic re-

sorption on the periodontal surface of the labial alveolar bone was evident.
Cytolofq
The cytogenesis of the osteoblast was best demonstrated in the 3 day speci.
men.
ed.

In the labial alveolar periosteum, two cell rich zones could be recognizThe first was a zone of proliferation and the second zone adjacent to the

new bone was one of differentiation.

In the proliferating zone, many undif-

ferentiated reserve cells were in mitotic diyision.

The reserve cells were

identified on the basis of their mor,holoRical similarity to the young f':\.broblasts.

The nucleus is large, oval, and with a distinct nuclear membrane.

It

contained finely reticulated chromatin and one or two small and distinct nucleoli.

The cytoplasm is pale and cell borders are indistinct.

The cells appearec

to form a syncytium because of their proximity.

The

Y~ne

of differentiation was characterized cells, intermediate in cyto-

differentiation between reserve cells and typical osteoblasts.

During their

differentiation, Periodic Acid Schiff material was seen being syntheSized and
accumulate within the cytoplasm.

Between these differentiating cells, delicate

argyrophilic fibers were formed.

The mucopolysaccharides are secreted between

the cells to the surface of the old bone.

Differentiated osteobla5ts show

vacuoles in the cytoplasm after loss, probably through secretion of the mucopolysaccharides; these vacuolated cells then become trapped in the matrix.
During these changes, the size of the nuclei diminished.

The average
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long axis diameter of the nucleus of the reserve cell in the periosteum was
13 microns.

The nucleus of the differentiating osteoblast had an average

diameter of 9 microns.
of

6.5

microns.

The nucleus of the osteocyte had an average diameter

The above dimensions were the mean average of 30 such cells.

The chromatin material in the nucleus of the reserve cell is finely reticulated but as the intermediate forms of the osteoblasts appear one could
observe a condensation of chromatin material into flake-like masses.

This

condensation is concomitant with change of the cell to a spherical or ovoid
outline form of the nucleus and the accUlllulation of PAS positive mucopolysaccharides in the cytoplasm of the

osteobla~t.

CHAPTER VI
DISCUSSION

,
The exuberance of cell proliferation in the periosteum of rabbits induced
by the split thickness mucogingival flap serves as an excellent model to study
the histogenesis of osteoblasts from proliferating undifferentiated reserve
cells of connective tissue.
Normally in the rabbit, the reserve cells of the periosteum differentiate
into either osteoblasts or osteoclasts as circumstances warrant.

During this

experiment this activity was accentuated as a result of the injury; it is
initiated by proliferation of the reserve cells.
The immediate reaction to the operation is the formation of a blood clot
which serves as a temporary seal.

Shortly after the formation of the clot,

defense cells, polymorphonuclear leucocytes and a rew histiocytes or macrophages appear, at the site of injury.

During these transitional changes, the

reserve cells synthesize desoxyribonucleic acid (D.N.A.), and go through mitosis.

The proliferation or these cells is the necessary prerequisite for the

repair.
Though the reserve cells of the connective tissue are morphologically
similar to young fibroblasts, they should not be identified with fibroblasts.
The nuclei of the reserve cells are oval, rather large, and have a distinct
nuclear membrane.

The chromatin is finely reticulated and one or two small

nucleoli are present.

The cytoplasm is indistinct and cell boundaries cannot
20
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be determined with certainty in routinely stained sections.
Morphologic and functional changes are correlated while osteoblasts differentiate from the proliferating reserve cells of the periosteu.'I'fl.

The chro-

matin condenses, the nucleus becomes smaller in diameter during differentiation.
Intenaediate forms show a contraction of the cytoplasm causing the cell to assume a round to ovoid shape.

This change in shape occurs as PAS positive muco-

polysaccharides are synthesized within the cytoplasm.

1~e

mucopolysaccharides

are liberated into the intercellular spaces where it embeds the collagenous
fibers.

As the matrix increases in density, the cytoplasm of the osteoblasts

become vacuolated.

It is possible that as pqlymerization of the mucopolysacch-

aride occurs the osmotic pressure in the cells rises retaining water and pos.
sibly abstracting water from the newly formed matrix.

This suggests an osmotic

pressure gradient of the ground substance which becomes less as differentiation
of the osteoblasts and apposition of matrix proceeds.

As the reserve cells

di.fferentiated, delicate argyrophilic fibers in increasing numbers are fomed
close to the surfacas of the cells.

As increased quantities of mucopolysaceha-

rides are liberated, osteoblasts are trapped in the dense matrix.

The denSity

of the matrix is greatest near the surface of the old bone and decreases peripherally.

However, while the density of the matrix increases the degree of

polymeriza.tion of the ground substance decreases.

In a PAS stained section,

the ground substance is light pink in the cytoplasm and intercellular substance
in the surface layers, but deep pink in the deep layer close to the old bone
surface.

Cobbs (1953) correlates the change in the staining reaction from

light pink to deep pink with a progressive depolymerization of the ground

22
substance.
It is apparent from the abOVe discussion, that the cellular processes
involved are similar to those in the early intramembranous bone formation of
the embryo, where the transformation of connective tissue into bone occurs as
a function of the differentiation of mesench;(1'nal cells.
The evidence reported in this study see."llS to confirm the observations of
Kabisch and Debruyn.

Bone formation in the muscles of rabbits to/hether after

implantation of bone or after alcohol injection is a result of the injurJ and
is not caused by some osteogenetic substance libera,ted from the implant or the
alcohol.

'!he injury of the experimental intervention produces an in.f1ammation

and the stimulation of

t~e

reserve ceels of the connective tissue to prolifer-

ate and differentiated into osteoblasts.
The reported findings

alBO

seem to confirm those of Statf1leno who observed

the differentiation of reserve cells of the connective tissue into osteoblasts
atter split nap operation in the dog.

However, in the dog there was an initial

differentiation of reserve cells into osteoclasts.

After the destruction of

some bone, the differentiation of reserve cells onto osteoblasts followed.

In

Staff1leno t s study, the newly formed bone was separated from the pre-experimental bone by reversal lines.

The difference in response of bone in dogs and

rabbits may be correlated to the differences in the physiology and anatomy of
the labial cortical bone in these two animals.

In the dog the relations be-

tween the tooth and bone are stable compared to those in the rabbit with its
continuously erupting incisor.
Both the present study and Wilderman's study illustrate the basic prin-

J
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ciples of the differ('ntiation of

osteoblast~.

The source of the osteoblasts

as indicated by changes in cell morpholou"Y and certain histo-chemical changes
is the undifferentiated reserve cell.
The i.'nrnature bone that is formed as a resnlt of the injury forms in areas
where osteogenesis normally occurs.

In essence what occurs is an accentuation

of a nonna! biologic process already in progress.

There is a change in rate

(quantity) of a pre-existing cellular activity without a chance in the fundamental character (quality) of this activity or the initiation of an entirely
new cellular process at the site of injury.
During mastication the labial

stretch of

thefib~rs

TIIovements~

of the incisor are limited by the

of the periodontal ligament.

blood vessels in the labial

p~riodonta1

At the same time, the large

membrane are emptied.

on the bone that could lead to resorption is avoided.

Thus, pressure

The osteoclastie re-

sorption on the periodontal surface of the labial bone is caused by the enlargement of the continuously growing incisor and not b2r masticatory pressure.

CHAPTER VII
SUMMARY AND CONCLUSIONS
In this study, seven New Zealand wbite Male Rabbits were used as the experimental animals.

One rabbit served as a control.

The surgery consisted of

making a supraperiosteal nap in the lower labial incisor region.
l'he microanatomy of the lower incisor of the Lagomorph was described.
The histogenesis of immature bone fonnation and the cytogenesis of the osteoblast was discussed.
The lower incisor of the Lagomorph is superficially similar in shape and
function to the lower incisor of the Rodents.

There are many differences in

the incisor of the two orders.
1. The incisal angle is more acute in the Rodents.
2. The lower incisor of the Rodents extends beneath the premolar whereas
in the lagomorphs the central incisor is situated in front of the premolar.

3. There is a longitudinal grooving of the upper incisor in the Lagomorpha
which is not fOund in the Rodents.
In the normal lower incisor of the rabbit, the width of the labial periodontal space is approximately 2/3 that of the lingual space.

The large veins

in the labial periodontium and in the lingual periodontal ligament seen to
have a protective function.

Pressure in the periodontium during mastication

empties these veins, therefore, does not injure the cellular elements.
The normal lingual alveolar crest is composed of three tY!)es of bone
tissue; bundle, mature and immature.

The normal labial alveolar crest is
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composed of two types of bone tissue; mature and immature.

The latter shows

evidence of active osteogenesis.
The histology of healine subsequent to injury is no different than the
healing in any other animal.

One could observe hemorrhage, clotting, inflam-

mation, differentiation of fibroblasts and subsequent obllturation of the incision by collagenous fibers.
The first reaction to injury is the proliferation of the reserve connectiv'
tissue cells in the periosteum.

The blood clot and the polymorphonuclear leu-

cocytes infiltration serve temporarily as a defense mechanism and permits time
for the reserve cells to synthesise DNA and

~o

undergo mitosis.

The first evidence of differentiation of the reserve cells is characterizec
by structural rearrangement of the nucleus as it becomes rounded as the chromatin material becomes condensed.
itive mucopolysaccharide synthesis.

Concurrently, the cytoplasm shows PAS posThe change in the morphology of the reservt

cell to osteoblast is attended by specific functional activit;r both of the
nucleus and the cytoplasm.
Argyrophilic fibers are found between the differentiating osteoblasts.
It is believed such fibers are formed extracellularly.
The osteoblasta liberate the polymerized mucopolysaccharides into the
extracellular spaces, combine with the fibers to form the matrix for the developing bone.

The osteoblasts become vacuolated which may be the result of

the liberation of the mucopolysaccharides.

This is believed to be due to an

osmotic pressure gradient induced by the increase in polymerized ground substance in the intercellular spaces.
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Rabbits produce large quantities of bone tissue when the labial alveolar
periosteum is injured by a supraperiosteal flap operation.

Bone apposition

normally occurs at this site as a part of the normal growth activity accompanying the continuous erupting incisor.

Following injury, however, this bone

forming activity is stimulated, increasing the rate of already occurring bone
formation.
There vas no evidence of osteoclastic resorption preceding osteoblastic
activity on the surfaces of accelerated bone apposition.
The cellular activity observed in this exper.i.DJent can be brought forth
experimentally at any time thus affording th$ student the opportunity to study
histogenesis of immature bone and to study the cytogenesis of the osteoblast.
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Figure 1

The labial incisor region of the rabbit.
operation.

Figure 2

The split thickness nap raised.

The area of
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Figur 2
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Figure:3

The lingual alveolar periodontium or the normal lower

~,

incisor or the rabbit.
Observet
1. Bundle bone
2. Alveolar group of fibers

:3. Oemental group of fibers

4.

Wide intermediate plexus

(4501 -

silver impregnation)
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Figure 3

Figure 4 The basal 1/3 of the labial alveolar periodontium of the
normal lower incisor of the rabbit.
Observes
1. Dentin
2. Enamel
). Reduoed enamel epithelium

4.

Labial alveolar membrane
a) Papillary layer
b) Horizontal layer of fibers
c) Alveolar group of fibers

Note the large blood vessels between the bone and the
horizontal layer of fibers.

(4501 •

,d"

silver impregnation)
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Figure

4

Figure,

Vascular channel found in the normal labial alveolar bone.

Observe:
1. Reserve cells in a synctium
2. Capillary

(6OOX - R &. E)

,.1
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Figure

5

i'!1
1.1

Figure 6 Normal alveolar crest
Observe:

1. Reserve cells
2. Immature bone

3. Mature lammelated bone

4. Oateocytes
5.

Osteocytes of mature bone

(4501 - H & E)

~

:

of immature bone

Figure 7 0 hour po st operatively
Observe:
1. Hemorrhage in area of incision
2. PeriosteWII

3. Vascular channel with reserve celle

4. Osteoclasts in labial alveolar periodontium
,. Large blood vessels in labial alveolar periodontium

(4,01 - H & E)

."

Figure 7

:,'1
~,

Figure 8 Ttro days post operatively
Observe:
1. Reserve cells

2. Proliferating reserve cells (mitotic figures)
I',

I

3. Osteoblasts

4. Osteoid
(6001 - H & E)

[I

I,':
'~I
~,
"!
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Figure 8

"

~,

~'.i

Figure 9 Very tip of alveolar crest .3 Ca.ys post operatively

Obaerve:
1. Reaerve cella
2. Osteoblast.
,. Osteophyte. of immature bone
Note how it i8 difficult to determine the bou.ndries

ot

the cytoplasm ot the reserve cell but as the osteoblasts
diffe:renUate the cytoplasm becc)mea distinct.

how vacu.olization ia beginning 1n Z.
(6001 .. R

,t.::

E)

Note also

Figure 9

Figure 10 3 day P.A.S. showing the distribution of mucopolysacchrides
during immature bone formation.

Note

how

the mucopoly-

sacchrides appear as osteophytes on the old bone.

(P.A.S. - 4501)

;!

I

Figure 11 .3 day P.A.S. showing the mucopolysacchrides in the cytoplasm.
i,

(P.A.S. - 6ooX)
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Figure 12 Area just below the tip of the crest of 3 da.y specimen.
Observe:

1. Reserve cell
2. lti totic figure

3. Osteoc1a.sts

4.

Osteoblasts

,. Osteoid
(600X - H & E)

Figure 13 Panoramic view of 3 day specimen.
Observe:
1. Reserve cells of the periosteum
2. Reserve cells proliferating
3. Differentiation of osteoblasts

4.

Apoosition of immature bone

Note again the indistinct cytoplasm of the rese"e cell.
As the osteoblasts differentiate from the reserve cell there
is an a.ccumulation of mucopolysacchr1des, the cytoplasm
1\

becomes distinct.
mucopolysacchrides.

Vacuoles appear following liberation of
Note the entra.pped osteocytes and

compare these osteocytes with the osteocyte. of Figure 8
in the mature lammelated bone.
(600x - H & E)
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Fieure 13

Figure

14 4 day P.A.S. immature bone formation.
polysacchrides have coalesced.
blast are peripheral.

Note how the muco-

The vacuoles in the osteo-

There are no vacuoles where the

osteocytes are entrapped within the matrix.
(P.A.S. - 6001)

Figure
I

~~...

15 4 day

silver stain, immature bone formation.

argyrophilic fibers between the nuclei.

Note the

Compare the

condensing of the fibers to the coalescence of the mucopolysaechrides in Figure
(Silver - 600x)

14.
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Figure

14

Figur e

15

Figure 16

Osteo9hytes or imma.ture bone in .3 day specimen.

(4501 - H & E)

Figure 16

Figure 17

5 day specimen of labial alveolar plate showing periosteum
becoming narrow indicative of decreased proliferative
activity.

There is continued apposition of immature bone.

Resorption of periodontal surface can be observed.
(450X .. H

~~

E)

1

Figure 18

5 day

P.A.S. immature bone formation.

from t.he old bone to the periosteum.

The new bone extends
Observe the dif-

terences in staining of the old bone and new bone, tit.
terences in the staining intensities of the new bone itself.
(P.A.5. -

Figure 19

5 day

4501)

silver immature bone formation.

Observe the matura-

tion of the collagenous fibers characterized by the rose
colored stain.
(Silver ... 4$OX)

4)

Fleur 1

1 ure 19

Figure 20

6 day specimen of the labial alveolar plate showing
continued apposition of immature bone.

Again note the

differences in the size and orientation of the osteocytes
in the immature bone (new bone) and the mature old bone.
Note the reduction in the thickness of the periosteum
when compared to the

5 day specimen and the continued

resorption of the periodontal surface.
(450X - H ~,. E)

I

Figure 20

-

APPROVAL SHEET
The theais submitted by Dr. Alfred 'f'archione has been read and approved
by three members of the Departments of Anatomy and Oral Biology.
The final copies have been examined by the director of the thesis and
the signature which appears below verifies the fact that any necessary
changes have been incorpora.ted, and that the thesis is now giyen final
approyal with reference to content, form, and mechanical accura.cy.
The thesis is therefore accepted in

p~ia1

ments for the Degree of Master of Science.

fulfillment of the require-

